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ABSTRACT

This investigation indicates that oil soaked steam pipe installation

is a fire hazard. Nominal data on ignition temperature of shipboard fuels

and lubricants are not applicable for this situation.

The phenomenon observed is that spontaneous ignition of the oil

soaked installation at temperatures in the 500 to 600 degree range results

from the temperature of the pipe and the presence of oxygen and oil.

Ways and means for preventing this hazardous condition are evaluated

and it is concluded that commercial coatings are available to prevent oil

penetration of the installation. However, before the problem is completely

solved specifications for the purchase of coatings and practical methods

for their shipboard application must be developed and evaluated.
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SUMARY PAGE

What is the lowest temperature at which shipboard fuels and

Flubricants will ignite? Establish the cause of shipboard fires

[originating from this source.

Findings

The spray flammability temperature of JP-5 fuel and Navy Special

fuel oil as obtained by the NBTL Spray Flammability Furnace is not

conclusive.

Two different temperatures can be obtained with both fuels which

shows that if the conditions are slightly changed the ignition tem-

peratures will vary. Results indicate that these fuels will flash at

a temperature lower than that obtained with the furnace. A study of

oil soaked lagging shows that lagging on a steam line presents a

potential fire hazard when soaked with lubricating oil. Since there

is no substitute material for steam pipe lagging, a coating material

impervious to oil can be used to prevent lagging from becoming oil.

contaminated.
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ADMINISTRATIVE INFORMATION

17[ Spray flammability testing of JP-5 fuel and Navy Special fuel

oil was authorized by Bureau of Ship's letters 10340 Ser 634A-498

IL of 29 Nov 1961 and 634A-285 of 2 Jul 1962. Costs of project were

charged to Allotment 290/RDT&EN 62,2421.

The Subproject Number is SROO1-06-02, Task 0600.I
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REPORT OF INVESTIGATION

The spray flammability of Navy Special fuel oil and JP-5 fuel

[depends upon the environmental conditions which prevail at the time
[the fuel spray comes in contact with a hot surface. The particle

size of the spray and air-spray mixture as well as the temperature

I" of the hot surface will determine the temperature at which the fuels

ignite.

Temperatures obtained for Navy Special and JP-5 fuels with the

Naval Boiler and Turbine Laboratory spray flammability furnace did

not appear to be the minimum temperature at which these fuels will

ignite. All attempts to reproduce the environmental conditions which

can cause flammability by spraying fuels were unsuccessful. Different

temperatures could be obtained for the same fuel, indicating that ignition

will not always occur when the sprayed fuel comes in contact with a hot

surface of high temperature.

A study of oil soaked steam pipe lagging shows it to be a fire

hazard. When the lagging becomes soaked with lubricating oil or Navy

F Special fuel there is an oxidation, aided by the heat in the steam line,

1. which causes the oil to reach its burning temperature. This may take

place over a period of several hours or in a shorter time depending

I upon the conditions adjacent to the oil soaked section and the speed of

oxidation of the particular oil.

_ Should oil soaked steam pipe lagging start burning and spray from

a broken line carrying a flammable liquid come in contact with the
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burning oil you will have a potential fire. Surrounding conditions

and size of spray particles will determine if a fire will occur.

[Many samples of steam lagging material which were products of

different manufacturers were taken from Navy supply and tested.

They were tested to determine if all had the same oil burning

characteristics when soaked with lubricating oil.

The manufacturers of steam pipe insulation material have been

consulted concerning the modification of the content of lagging as

to the possibility of eliminating any product that might contribute

to oxidation or cracking oils. They feel that any alteration would

destroy the insulation properties of the lagging material and suggest

that some type of coating which is iipervious to oil be used.

Description of Test Set Up

The NBTL spray flammability furnace was used with some modifica-

tions in an attempt to establish the lowest ignition temperatures for

JP-5 and Navy Grade fuel oil. A 2 inch steam pipe coupling with thermo-

couple attached was placed in the furnace. This furnished a hot metal

{,. surface for the spray to hit. A small jet of air was introduced to

give a better spray-oxygen mixture. The furnace method was considered

inconclusive since more than one value could be obtained. It is believed

Lthat a true spray flammability temperature of these fuels cannot be
determined unless fireroom conditions can be produced, such as exists

[ when a fire occurs on board ship.

L Figure 1 gives a diagram of the test set up for studying the

behavior of oil soaked steam lagging. A piece of lagging material

Lif x 3/4 x 3/4 inches in size was soaked with 2190 TEP oil and placed

2
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in a temperature controlled muffle furnace. The specimen was placed

on a wire gauze supported on a tripod so that it would not be in

contact with the heated surface of the furnace and be exposed to air

on all sides. A thermocouple (#l) was imbedded in the specimen and

another thermocouple (#2) was suspended 1 inch directly above #1 and

Fboth connected to recorders. The furnace was set for 500 F to insure

I that the furnace heat would not exceed that temperature. The furnace

door was left open for the duration of the test; therefore, the

average temperature of the furnace was below 500 F. The temperature

of the air adjacent to the specimen was recorded with the #2 thermo-

t couple.

A test set up, as shown in Figure 2, was erected to further de-

termine if conditions can be obtained which will give a spray flammability

temperature for JP-5. The set up consisted of a 3 inch pipe with electric

glow-bar for heating. A thermocouple was attached to the pipe and con-

nected to a controller so that the temperature of the pipe could be

controlled. The temperature was raised to a maximum of 900 F and a fine

mist of JP-5 was sprayed onto the hot pipe with spray brush.

I The same pipe was lagged with lagging that had lubricating oil poured

onto it. The temperature was raised to 900 F to determine if the con-

ditions were such that the oil would start burning.

Discussion and Results

The spray flamability furnace gave more than one ignition tern-

perature for JP-5 fuel and similar results for Navy Special. The Igni-

tion values were 790 F and 890 F for JP-5 and 705 F and 810F for Navy

Special.
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Since results obtained with NBTL spray flamnability furnace were in-

tl conclusive and surrounding conditions that could cause a flame could

not be obtained, a study of oil soaked lagging was pursued. Fireroom

observations led to an investigation of steam pipe lagging that has

[been soaked with lubricating oil. It is general knowledge that when

the lagging on a high temperature steam line becomes soaked with fuel

Voil the oil sometimes ignites.

I The lagging on board ship sometimes becomes soaked with lubricat-

ing oil due to oil line leaks and the oil drops onto the steam line.

It is believed that this oil goes through an oxidation process, aided

by heat from steam line, and the ignition temperature is reached.

Figure 3 shows the results obtained when the oil soaked lagging is

tested with set up shown in Figure 1. These results are representative

for all test runs. The time may be longer before glowing starts but

both 2190 TEP and Navy Special fuel oil give the same t7ype of curve.

Time can be influenced by the speed of oxidation and can be shortened

by increasing the temperature. The thermocouple suspended in the air

just above the specimen shows several degrees. below that of the furnace

setting due to having the door open during test. As soon as the oil

'1 becomes ignited, due to radiated heat from the burning oil, the suspended
thermocouple shows an increase in temperature. Should an oil soaked

section of lagging ignite and start glowing and the spray from a broken

Diesel oil or JP-5 fuel line come in contact with it, a fire can start

if conditions are right.

Many specimens of lagging were tested and practically all gave the

same results. Two or three insulating materials showed no burning but

a slight increase in temperature. The insulating properties of these
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were destroyed entirely and were no more useful for insulation

purposes.

Appendix I gives an illustration of how oil soaked lagging can

ignite at a lower temperature than that obtained with the spray flam-

U mability furnace which was 690-740 F.

[There are a number of products on the market for protective coatings

for insulation materials and some of these were investigated. Four

manufacturers submitted samples of their products for evaluation. The

first prerequisite for a satisfactory coating is that it must be im-

pervious to oil. The reason for the coating is to prevent the lagging

from absorbing oil that may come in contact with it and thereby avoid

a chance for fire.

The coating materials were first tested for their ability to protect

lagging from oil. This was done by coating 2/3 of the area of a block of

insulation, l - x 2 x 6 inches, and allowing it to dry for several hours

and then immersing the coated end -in a beaker containing oil for approx-

imately 48 hours. The coating was cut away and examined for oil seepage.

The only cases where any oil appeared was due to small pin holes that

coating did not cover'. Most of these coating materials were manufactured

V to withstand a service temperature of 180 F at the coated surface.

These coatings were subjected to a temperature of 180-185 F for approx-

imately 3 days and then tested for oil penetration and temperature in-

{ crease did not affect their resistance to oil. Figure 4 gives an evalua-

tion of the coating materials studied.

i
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It will be noted that one of the coating products contains a

volitile flamable solvent. Although it is a very good coating

F material the solvent with a flash point of 100 F renders it a fire

hazard. All coatings that use water as solvent for clean-up is the

[ most desirable and only two of the seven tested require organic sol-

vents for clean-up. The product with designation 0-I-C forms a very

hard coating which is oil repellent, and not pliable, but surface is

not easily broken. If it can be made more flexible, it should be a

very good coating material.

The temperature of these materials were heated above 300 F and

there was a tendency for all to shrink and in several cases the sur-

face cracked. Since specifications require that steam lines be lagged

for 125 to 130 F outside surface temperature, it appears that all of

these coatings given in Figure 4 have sufficient temperature margin.

Conclusions

It is concluded that:

(1) The spray flammability temperature of JP-5 and Navy Special

fuel oil when determined with the NBTL furnace is not conclusive because

surrounding conditions cannot be controlled.

i (2) Spray flammability temperature of a fuel depends upon the sur-

rounding conditions as well as the surface temperature of the object

upon which the spray hits.

(3) Steam lagging that has become saturated with lubricating oil

will slowly oxidize with the aid of heat from the steam line and reach

ignition temperature and start glowing thereby presenting a fire hazard.

6
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(4) A coating can be applied to steam lagging that is exposed to

oil contamination and prevent the lagging from becoming oil soaked.

~Recom endations

It is recommended that coatings be applied on steam lagging where-

[ever the possibility of oil contamination exists. Whenever the original

lagging must be disturbed for repairs on board ship, it is recommended

'that after the lagging is replaced a coating be used to prevent oil

[i being absorbed should it come in contact with the steam line.

It is further recommended that work on development of specifications

I and methods of shipboard application of coatings be authorized.

7
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APPENDIX I

Oil soaked lagging as a fire hazard is illustrated by a fire which

f occurred on an NBTL boiler test stand. The boiler is a pressure fired

boiler shown without lagging, (Plate I). The downcomer iine, as in-

Ldicated, was lagged at the time of the fire.

F Due to an accident during the repair of an oil pump in the vicinity

of the line, the lagging became soaked with lubricating oil. This

I happened approximately 40 hours before light-off and had ample time for

the lagging to soak up the oil. The boiler was operated 6 hours and

secured for approximately 18 hours before the next light-off after which

there were two hours of operation. The fire occurred just after the

boiler was secured after the 2 hour operation. The temperature of this

line does not exceed 570 F. In this case there was ample oil after reaching

the autogenous temperature to furnish sufficient vapors to burst into flame.

L
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